ABSTRACT: Autotrophic ammonium oxidation in membrane-aerated biofilm reactors (MABRs) can make treatment of 8 ammonium-rich wastewaters more energy-efficient, especially within the context of short-cut ammonium removal. The challenge 9 is to exclusively enrich ammonium-oxidizing bacteria (AOB). To achieve nitritation, strategies to suppress nitrite-oxidizing 10 bacteria (NOB) are needed, which are ideally grounded on an understanding of underlying mechanisms. In this study, a counter- 
minimal activity of nitrite-oxidizing bacteria (NOB) and 28 maximal activity of ammonium-oxidizing bacteria (AOB). 29 Similar conditions, with only partial nitritation, can also be 30 exploited to convert NH 4 + to a 50:50 mixture of NO 2 − and 31 NH 4 + , which can then be coupled to anoxic NH 4 + oxidation to 32 attain even more resource efficient ammonium removal. 4,5 33 Various conditions have been successfully tested to suppress 34 NOB over AOB activity or wash-out NOB over AOB biomass 35 to attain nitritation in suspended growth systems. They include 36 the operation of bioreactors at limited dissolved oxygen (DO) 37 concentrations, 6 at high temperature combined with low solids to the base of the biofilm, defined as 
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(2) the pH−enzyme dependency of specific growth rates. C 263 where δ j , y j , and p i,j are the sensitivity function, the output 264 reactor performances (ARE, NaE, NE, or fNOB), and the input 265 parameters, respectively. Sens i,j was evaluated at different times 266 during the aeration cycles (time interval of 0.01 day) and at 20 267 equidistant points within the biofilm or 1 point in the bulk 268 phase. The averaged value was considered in the sensitivity 269 analysis, and parameter sensitivity was ranked for each targeted 270 performance metric. We focused on biokinetic and stoichio-271 metric parameters related to AOB and NOB, as HB parameters 272 are of secondary importance in nitrifying biofilms. 453 to the membrane lumen where N 2 gas flows through in the 454 previous nonaeration period and slight denitrification activities. 455 As aeration continues, pH decreases due to proton production 456 associated with NH 4 + oxidation. Simulations predict that pH 457 within the biofilm becomes lower than in the bulk after 1 h of 458 aeration and decreases slowly afterward. At the end of aeration, 459 pH at the biofilm base is 0.4 units lower than the average bulk 460 pH, which will increase again in the following nonaerated 461 phase. Thus, pH varies periodically in the intermittently aerated 462 biofilms, a pattern similar but slower than DO variations. concentrations and bulk pH during a full aeration cycle (eq 6). d For a clear comparison, NE was normalized to the nitritation efficiency in the default simulation case A (NE = 48.5%). MSNBM was run in continuous aeration (200 days) to achieve a mature nitrifying biofilm, followed by various intermittent aeration strategies: (A−D) different intermittent aeration but the same influent; (A, E−G) the same aeration intermittency but different influent concentrations. NEs in the NOB suppression process in intermittent aeration were recorded (e.g., at day 215) (Table S6 ). In simulations E− G, oxygen loadings proportionally varied with NH 4 + influent concentrations (more simulations in Table S8 ). 
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